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Measurement of range of motion (ROM)
is routinely used to assess joint mobility, assess function, plan treatments, and set realistic goals for patients. Investigators have reported data suggesting that selected ranges of joint motion vary with age. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Regressive changes in all tissues of diarthrodial joints that begin to occur after 20 years of age, as reported from studies on animals and in man, may produce decreased amplitudes of motion.
11-13 Pain, muscle weakness, or spasticity also may limit active joint motion. The health status of an individual and any impairment of joint integrity associated with aging may affect selected ranges of joint motion. The relationship between ROM and physical activity is not yet established. 3 Despite numerous studies on ROM, only a small data base exists of normative joint ROM values in individuals over 60 years of age (termed older in this paper). [2] [3] [4] [5] The purposes of this study were 1) to expand the data base of active ROM in the upper and lower extremities of older persons measured by goniometry and 2) to determine if differences exist related to age, sex, and physical activity.
METHOD Sample
Sixty healthy, right-handed, white volunteers participated in this study. Thirty were women and 30 were men. Each sex group was divided into two age groups of 15 subjects each: 60 to 69 years of age (classified as Y for youngold) and 75 to 84 years of age (classified as O for middle-old) (Tab.l). The subjects were residents of the greater Los Angeles area and functioned independently within their homes. We used a three-item questionnaire to screen out subjects having ROM limitation that interfered with the performance of daily activities and having pathological conditions, such as hemiplegia, rheumatoid arthritis, recent fractures or surgeries, or other conditions under constant treatment. We did not exclude subjects with mild arthritis and other similar musculoskeletal conditions because these are common in the age group from which the sample was drawn.
Instrumentation
We measured the shoulder, elbow, hip, and knee joints with a large 360-degree goniometer* calibrated in 1-degree increments with 32-em arms. We used a small 180-degree goniometer with 17-cm arms to measure the radioulnar, wrist, ankle, subtalar, and first metatarsophalangeal (MTP) joints. Because the 180-degree goniometer was calibrated in 5-degree increments, it was superimposed on a 1-degree increment protractor after each measurement and We obtained information regarding the subjects' general health status in the past 20 years and total physical activity level in a typical month of the past year from a questionnaire. The activities listed in the questionnaire were representative of the leisure-time activities most frequently engaged in by older people; examples included walking, jogging, yard work (specific activities listed), golfing, and dancing (Appendix).
14-19 Subjects were asked to give both the frequency an activity was performed and the duration of that activity.
Reliability
We determined tester reliability before measuring the subjects. Five measurements of 24 arcs of motion were taken on four adult subjects in one day by four investigators. The goniometers used and the joint measured followed the procedure of the study. During measurement, the calibrated scales of the goniometer faced away from the investigator taking the measurement; a second investigator read and recorded the value. All Pearson correlation coefficients (r) for intratester reliability were above .81 (range, 78-.99), except shoulder external rotation (r, .78). The mean error between repeated measurements for all motions of the four subjects was 5 degrees (±1°).
The two investigators with the highest intratester reliability performed measurements in the study; one measured men and the other, women. (Two testers were used because the study was divided into two student projects within the study). The mean intertester variability between the two testers was 6 degrees (± 5°) (range, 3 to 13°). In seven motions, the difference in values obtained by the two testers was between 5 and 10 degrees, and for three motions (shoulder medial rotation, radioulnar pronation, and ankle dorsiflexion), the difference exceeded 10 degrees.
Procedure
Each subject read and signed a consent form and Rights of Human Subjects in Medical Experiments form. Subjects wore clothing that provided unrestricted movement and visibility of the joint by the examiner. We administered the health and physical activity questionnaire verbally to all subjects. Height, weight, and beginning and ending positions of 28 active motions of the right shoulder, elbow, radioulnar, wrist, hip, knee, ankle, subtalar, and first MTP joints were then measured. In the 60-to 69-year-old group, height was not recorded for two men, and weight was not recorded for one man. We used three positions (sitting, supine, and prone) for measurement and a sequence of measurement that minimized positional changes by the subjects. All motions were measured twice using techniques described by the American Academy of Orthopaedic Surgeons (AAOS) 20 and modified by Boone and Azen. 1 The subjects performed motions to the limit of their active ROM.
Data Analysis
The statistical packages for social sciences were used in all analyses.
21, 22 We tabulated the occurrence of musculoskeletal conditions and total physical activity levels (TPALs) from questionnaire responses. Physical activity levels (PALs) were the product of the activity level, frequency, and duration of an activity and reflected the subject's relative energy expenditure.
18,19,23 (The PALs were based on the studies of relative energy expenditure of a younger age group. We recognized that these values were relative values. No normative values of energy expenditure were available for the older population.) The TPALs equaled the sum of the individual PALs (Appendix).
We averaged the two measurement values obtained for each ROM measured. Multivariate analysis of variance (MANOVA) was used to determine if significant differences existed between age groups and between men and women. 22 We used one-tail, two-sample t tests to determine if significant differences existed, independent of age, between ROM in individuals with diagnosed musculoskeletal conditions. We determined the median TPALs and stratified the data into high versus low TPALs. Two-tail, two-sample t tests were used to examine the relationship, independent of age, between individual ROM and TPAL. Pearson's correlation coefficients determined the relationship between ROM and TPALs. We determined the level of significance as p < .05. Therefore, we combined data for the two age groups to examine the influence of sex on ROM (Tabs. 2, 3) .
RESULTS

No
Comparison of the results obtained from all men and women showed that 12 of 28 motions were significantly different (p < .05). In 8 of these 12 motions, women had more range than men. Only in 4 motions, hip medial rotation (+14°), ankle plantar flexion (+11°), shoulder abduction (4-20°), and shoulder extension (+11°), were these differences greater than the intertester error. Women also had less motion than men in hip adduction (-7°) and ulnar deviation (-5°). Neither men nor women had 0 degrees of beginning hip flexion (combined mean, 11° ± 4°). In women, shoulder extension (10°) and subtalar inversion (6°) showed statistically significant (p < .05) smaller ranges in individuals with a diagnosed musculoskeletal condition (such as arthritis), but both these values were within one standard deviation of the female group means.
No significant differences in ROM were found between subjects with high activity levels and those with low activity levels (TPAL median activity level: women, 342; men, 390; range, 0-1329). Active men, with a total PAL value above 390, had significantly less wrist extension (5°) than the less active group (p < .05), but this difference was within intertester error and the one standard deviation range. Conversely, 70 percent of mean values (17 of 24) for motions in the less active women (n, 19; X TPAL, 236) were lower than those in the more active men (n, 11; X TPAL, 685).
DISCUSSION
This study indicated that a single data base for ROM of the tested joints is sufficient for men and women between 60 and 85 years of age. Differences observed between age groups and sex in univariate tests were not shown in more rigorous MANOVA. If our sample was representative of the older population, the ROM values obtained in our study support the conclusions of other researchers that a difference exists in joint range between middle-aged (40-60 years old) and older individuals (>60 years old). 4 The crosssectional design used in all those studies, however, only permits inferences to be made about the effect of age on ROM.
Although significant decreases in motion with age have been reported, 3, 25 differences in range often lack clinical importance as they fall within accepted boundaries for intratester, intertester, and goniometer error.
For the men, but to a much lesser extent for the women, our values were similar to age-matched data of Tucker. 4 Tucker also screened subjects for joint pathology but did not report the criteria used.
Clinicians should be aware of an increased tendency for hip flexion contractures in the elderly. We observed a mean value of 11 degrees for beginning hip flexion, which is consistent with previous studies, 10,26 although Boone et al, 24 reported a mean value of 2 degrees. The Handbook of the American Academy of Orthopaedic Surgeons (AAOS) is a widely used source of normative values although the primary data or investigators) error has never been reported. 20 An important finding of this study was that older persons had smaller ROM at certain joints than the ROM published in the AAOS Handbook. Although the results of our study were based on a small sample of 30 men and 30 women over 60 years of age, the general trends are supported by studies by Smith Although investigators have inferred that habitual activity may influence joint range, we did not find any consistent relationship between the amount of physical activity and the range of joint motion.
1,14, l5,27,28 This finding was similar to the only other study located that examined this relationship. 3 From the results of our study, we theorize that older individuals may be spectators more than they are active participants in physical activities, such as specific sports. We did not validate the questionnaire that elicited data only on leisure activities; from these data, we calculated physical activity levels and assessed these levels by estimates of the relative metabolic energy expenditure.
14,15,16 Although rate of energy expenditure for a given work load may be a good indicator of cardiopulmonary fitness, it may not be related to ROM in joints. Our sample, recruited in part from recreational centers, may not be representative of persons over 60 years of age, especially the 75-to 84-year-old population. Further studies should expand the questionnaire to include the subject's former occupation and retirement work activities, as well as recreational activities. Longitudinal studies are needed to examine more accurately the relationship between age and change in ROM.
